Abbreviations
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11KT, 11-ketotestosterone; aa, amino acids; dl, Dicentrarchus labrax; E 2 , 17β-estradiol ; GAL, 28 galanin; GALR, galanin receptor; GnRH, gonadotrophin-releasing hormone ; GPCR, G-protein- 29 coupled receptor; HPG, hypothalamus-pituitary-gonad; ir, immuno reactive; LH, luteinizing 30 hormone; ML, maximum likelihood; T, testosterone. In fish, the onset of puberty, the transition from juvenile to sexually reproductive adult animals, is 2 triggered by the activation of pituitary gonadotrophin secretion and its timing is influenced by 3 external and internal factors that include the growth/adiposity status of the animal. Kisseptins have 4 been implicated in the activation of puberty but peripheral signals coming from the immature gonad 5 or associated to the metabolic/nutritional status are also thought to be involved. Additionally, there is 6 evidence that the galaninergic system in the brain and testis of pre-pubertal male sea bass is a 7 possible mediator involved in the translation of somatic signals leading to gonadal maturation. Here, 8 the transcripts for four galanin receptors (GALR), named GALR1a, 1b, 2a and 2b, were isolated from 9 European sea bass, Dicentrarchus labrax. Phylogenetic analysis confirmed the previously reported 10 duplication of GALR1 in teleost fish, and unravelled the duplication of GALR2 in teleost fish and in 11 some tetrapod species. Comparison with human showed that the key amino acids involved in ligand 12 binding are present in the corresponding GALR1 and GALR2 orthologues. Transcripts for all four 13 receptors are expressed in brain and testes of adult fish with GALR1a and GALR1b abundant in testes 14 and hardly detected in ovaries. In order to investigate whether GALR1 dimorphic expression was 15 dependent on steroid context we evaluated the effect of 11-ketotestosterone and 17β-estradiol 16 treatments on the receptor expression in brain and testes of pre-pubertal males. Interestingly, steroid 17 treatments had no effect on the expression of GALRs in the brain while in the testes, GALR1a and
18
GALR1b were significantly up regulated by 11KT. Altogether, these results support a role for the 19 galaninergic system, in particular the GALR1 paralog in fish reproductive function. 20 21 22 Keywords: galanin receptors, puberty, sea bass, estradiol, 11-ketotestosterone ). However, before the full activation of the pulsatile GnRH secretion a series of neuroendocrine 7 events need to occur, which appears to integrate genetic, internal and environmental signals that 8 influence the timing of puberty (Taranger et al. 2010 ). Kisspeptins and their receptor GPR54 appear 9 to be important in integrating these signals in the brain at puberty onset (Colledge 2004; Felip et al. 10 2009), but additional triggers of pubertal GnRH activation are also thought to be involved. 11 A likely candidate integrator of different signals to trigger puberty onset is galanin (GAL). GAL is a 12 neuropeptide that mediates multiple physiological processes in vertebrates, including learning, 13 nociception, food intake or reproduction (Lang et al. 2007 ). Initially isolated in porcine intestine 14 (Tatemoto et al. 1983) , GAL is widely distributed in the central and peripheral nervous systems and 15 in the endocrine system, and multiple studies have highlighted its key role as an important messenger 16 within the nervous system and the neuroendocrine axis (Lang et al. 2007 ). GAL is mainly localized 17 in the brain and pituitary gland. GAL immunoreactive (GAL-ir) fibers projecting from the Arai et al. 1990; Gai et al. 1990 ). In the pituitary, GAL is mainly 21 detected in the pars distalis, in close contact with somatotropes, and has been shown to affect growth 22 hormone and prolactin secretion (Bauer et al. 1986; Diez et al. 1992; Wynick et al. 1998 ). 23 Interestingly, GAL has also been shown to be co-expressed and/or secreted in luteinizing hormone 24 releasing hormone (LHRH) (Merchenthaler et al. 1991; Marks et al. 1994 ) and kisspeptin (KISS) 25 neurons (Porteous et al. 2011 ). Furthermore, GAL was shown to stimulate luteinizing hormone (LH) 26 secretion in the pituitary (Sahu et al. 1994) , suggesting a role in the activation of the LH surge and in 27 the activation of gonadal steroid production at puberty onset. Conversely, 17β-estradiol (E 2 ) 28 treatments increased GAL binding in the uterus of immature castrated quails (Tsutsui et al. 1998 ) and 29 changed the number and/or affinity of galanin-binding sites in several brain regions in rats (Planas et suggesting parallelism between fish and mammals in putative GAL reproductive functions. 12 Information on galanin receptors in fish is even scarcer as to date there is only one in silico genome The European sea bass (Dicentrarchus labrax), henceforth designated sea bass, is an aquaculture 17 species with a high incidence of precocious puberty in males, a problem that negatively affects 18 productivity (Taranger et al. 2010 ). The present study aimed at identifying and characterizing sea 19 bass orthologue GALRs and to investigate whether sex steroid treatments modify their expression in 20 brain and testes of pre-pubertal fish. Total RNA was extracted from frozen tissues using TRI reagent (Sigma-Aldrich) and its integrity 31 and purity was assessed by 1% agarose gel electrophoresis and quantification in a NanoDrop 1000 Mammalian GALR amino acid sequences were used for the initial mining searches against the sea 8 bass genome (Kuhl et al. 2010 ) using BLAT (Kent 2002) . Four GALR genes were identified, their 9 predicted genomic and cDNA sequences retrieved and used to design specific primers to amplify and 10 clone their coding regions (Table 1) . Each sea bass GALR cDNA was amplified by reverse (Table 1 ) and 1 min at 72 ºC, followed by 5 min at 72 ºC. Amplified targets were gel-purified, 16 inserted into pGEM-T Easy (Promega, Southampton, UK) and identity confirmed by sequencing. 17 Positive clones for the four GALR isoforms were re-sequenced to give at least 3-fold coverage across 18 their entire coding regions. Sequence polymorphisms were carefully confirmed and the final sea bass 19 GALR cDNA sequences were assembled with the CAP contig assembling program (Huang 1992). 20 21 2.6. Sequence characterization and phylogenetic analysis 22 Genomic organization of sea bass GALR genes was characterized from the alignment of each 23 genomic sequence with the sequence of the respective cDNA. Multiple sequence alignments of 24 deduced amino acid sequences for sea bass GALRs with human GALRs were carried out using The presence of GALRs in different vertebrate species was investigated using sea bass and human 31 amino acid sequences as initial query in tBLASTN against publicly available DNA databases 32 (Ensemble for genomes and Genbank for mRNAs and expressed sequence tags) or BLASTP against 33 protein databases (Genbank) (Altschul et al. 1997 ). Phylogenetic analyses were conducted using the select the model of protein evolution that best fits the dataset (Abascal et al. 2005) . A search for the 6 optimal ML tree was also performed. 7 8 2.7. Analysis of GALR gene expression 9 The distribution of GALR transcripts was analysed by semi-quantitative reverse-transcription (RT-10 PCR) using isoform-specific primers (Table1) in cDNAs from several tissues of male and female 11 adult sea bass: liver, gonads, olfactory epithelium and brain dissected into three different regions, 12 anterior brain (olfactory bulb and telencephalon), middle brain (optic tectum and diencephalon) and 13 posterior brain (cerebellum, medulla oblongata and part of the spinal cord). Reaction conditions were 14 as described for cloning (section 2.5) and cycling conditions were 5 min at 95 ºC, 35 cycles of 10 sec 15 at 95 ºC, 10 sec at optimized annealing temperatures (Table 1) and 10 sec at 72 ºC, followed by 2 16 min at 72 ºC. PCR products were analysed in 2% agarose gel electrophoresis and sequenced to 17 confirm identity. 18 Transcript levels of the four GALR genes in immature male sea bass brain and testis in response to 19 sex steroid treatments were measured by real time RT-PCR (qPCR) in a Bio-Rad iClycler iQ5 qPCR 20 thermocycler in six individual fish from each experimental group. Quantifications were carried out in 21 duplicate using the relative standard curve method and the EvaGreen chemistry, in 15 l reactions 22 containing 2 l of each cDNA (diluted 1:10), 300 nM each specific primer (Table 1 ) and 1x Sso Fast 23 EvaGreen Supermix (Bio-Rad Laboratories, USA). Cycling conditions were 30 sec at 95 °C, 45 24 cycles of 5 sec at 95 ºC and 10 sec at the optimized annealing temperature (Table 1) with initial template quantity were generated using serial dilutions of specific RT-PCR products for 31 each gene (obtained from brain cDNA using the same primers) and included in all quantification 32 plates, with qPCR efficiency ranging between 85-97% with R 2 >0.98. 33 Candidate reference genes tested included the 18S ribosomal RNA sub-unit (18S), beta actin (β-1 actin) and elongation factor 1α (EF1α The deduced amino acid sequences of dlGALRs were compared with human GALRs (hGALR1 to 10 3). dlGALR1a and dlGALR1b shared, respectively, 73 and 67 % identities with hGALR1 ( Figure 2 ) 11 and only 26-31 % to hGALR2 and hGALR3. dlGALR2a and dlGALR2b shared, respectively, 54 and 12 50 % identities with hGALR2, 44 % to hGALR3 and 32-33 % to hGALR1.
13
Hydropathy analysis of dlGALRs predicts the typical structure of members of the GPCR 14 superfamily: an extracellular N-terminus, a cytoplasmic C-terminus and seven transmembrane 15 spanning regions (TM). Other characteristic features found in GPCRs were also found in all dlGALR 16 deduced sequences, including the two cysteine residues in the first and second extracellular loops (Figure 4 ). In addition, the four dlGALRs were also expressed in peripheral tissues, 16 such as gonads and olfactory epithelium. In particular dlGALR1a and GALR1b appeared to be more 17 abundant in testis compared to ovary.
18
Upon exogenous administration of E 2 and 11KT to pre-pubertal male sea bass, blood plasma levels 19 of each of these steroids increased for both concentrations at 12 or 24 h post injection ( Figure 5 ). In 20 the brain, no significant changes were observed for GALR transcripts in response to any of the 21 steroid treatments (Figure 6 and 7) . In the testis, GALR1a at the lowest 11KT concentration and
22
GALR1b at both 11KT concentrations were significantly up regulated compared to control at 24 h 23 ( Figure 6 ). The present study identified two paralog pairs of GALR genes in sea bass, confirming a teleost 2 specific duplication of GALR1 genes (dlGALR1a and dlGALR1b) and identifying novel GALR2 gene 3 duplications in sea bass and tetrapod species, indicating a duplication prior to the teleost lineage.
4
Additional characterization of these receptors suggested both dlGALR1 genes to be sensitive to 11KT 5 in the testes of pre-pubertal fish. 6 The genomic structure and deduced amino acid sequences of dlGALRs are highly conserved with the 7 human GALR1 and GALR2 receptors. The sea bass GALR1 duplicate genes have a conserved shows polymorphisms although they correspond to conserved substitutions and apparently not in 31 position encoding amino acids identified as important. Nevertheless, it should be stressed that there is great variability in tissue distribution of the different 21 GALR subtypes in vertebrates and significant differences in GALR1 expression in peripheral tissues 22 are also found between human and mice (Wang et al. 1997b The sexual dimorphism in dlGALR1a and dlGALR1b receptors found in the gonads of adult fish led 30 us to hypothesize that the gene expression difference between female and males might be attributed 31 to the differences in steroid production between female and male gonads. Interestingly we have 32 found that the expression of dlGALRs in the brain was not affected by sex steroids. In rats, GAL is Interestingly, the few studies focusing on the effect of steroids in GAL receptors have also 10 corroborated this steroid dependency, as in rats GALR1 and GALR2 expression in 11 proopiomelanocortin POMC neurons is also abolished by castration and fully restored by T 12 administration (Bouret et al. 2000) . Collectively these studies show that GAL is important for the 13 regulation of steroid production, but apparently only after sex steroid production has been activated. 14 These observations support the idea that GAL is not involved in triggering the onset of pubertal regulation of GALRs in sea bass. 10 11 In summary, orthologous gene duplicates of vertebrate GALR1 and GALR2 were isolated in sea bass 12 and phylogenetic analysis revealed previously unreported GALR2 orthologues in teleost fish and 13 tetrapods. All dlGALRs are expressed in male and female brain and the expression of dlGALR1a and 14 dlGALR1b appears to be sexually dimorphic, with higher expression in testis than in ovary. Finally, 15 the expression of both receptors was up regulated by 11KT in pre-pubertal sea bass testis. These 16 results suggest that the galaninergic system, in particular the GALR1 isoforms may play a role in sea 17 bass male reproductive function. Tables   Table 1-List of primers Fig 1.docx 
